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Ten patients with an average age of 58 years underwent
valve replacement because of isolated mitral valve pro-
lapse with severe regurgitation. None had clinical evi-
dence of Marfan's syndrome or another systemic disease
that would indicate that a primary connective tissue dis-
order was the cause of the prolapse. All 10 patients had
a dome configuration of the posterior leaflet and one or
more ruptured chordae related to it.
The gross morphology of the resected specimens re-
vealed marked deviations in chordal branching and the
pattern of anchoring in each of the 10 cases, rendering
the most severely affected parts of the leaflets less well
supported. Similar changes occurred at sites remote from
the principal abnormality. Microscopically, the domi-
nant tissuechange wasmyxomatoustransformation within
Over the past decades, clinically isolated mitral valve pro-
lapse has replaced rheumatic mitral valve disease as the
most common cause of isolated pure mitral regurgitation
(1,2). It has been suggested (3,4) that mitral valve prolapse
constitutes one of the two most common congenital heart
diseases that are present at birth but usually remain clinically
silent until adulthood. The use of the term "mitral valve
prolapse," however, may need further specification since
it may be that clinically silent echographic prolapse, often
seen in young women, has little or nothing to do with the
isolated mitral valve syndrome needing valve replacement,
most common in older patients (5). The latter are usually
men and the syndrome is characterized by a systolic click
or murmur and, anatomically, by a floppy valve with rup-
tured and redundant chordae.
The origin and pathogenesis of the prolapsing valve are
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the affected leaflets and chordae with secondary changes
at both atrial and ventricular surfaces.
These findings could indicate that insufficient chordal
support may have promoted the developmentof the floppy
valve through a process of chronic undue and unbal-
anced stress on the valve tension and closure apparatus.
The resultant degeneration of the connective tissues, his-
tologically expressed as myxomatous transformation, may
underlie stretching and thus redundance of the leaflets
and eventually rupture of chordae. It is suggested that
this sequence of events be considered as a possible path-
ogenetic mechanism of isolated mitral valve prolapse,
particularly in the subset of aged patients.
(J Am Coli Cardiol1985;5:1335-40)
unknown, although it is widely accepted that the disease is
due to a floppy mitral valve characterized by signs of valve
laxity (1,6-8). Microscopic studies (9,10) of floppy mitral
valves reveal an increased amount of glycosaminoglycans
(mucopolysaccharides), known as "myxomatous transfor-
mation" and considered by many to represent the primary
disease process. The question can be raised whether this
conclusion is warranted since "myxomatous" changes of
connective tissues occur at many diverse sites in the body,
whenever supportive tissues disintegrate. Hence, the his-
tologic appearance of a myxoid tissue change is nonspecific
and could be initiated by any process that leads to undue
stress on the connective tissue of the valve apparatus, such
as the chordae, leaflets and anulus. The basis for undue
stress is provided by the observation that a spectrum of
normality exists with respect to the pattern and mode of
insertion of chordae, suggesting that parts of the leaflets are
basically less well supported than others (11). Thus, one
could anticipate that over many decades, the connective
tissue core of parts of the valve apparatus may gradually
disintegrate, leading to myxomatous transformationand valve
prolapse.
Our study, therefore, has focused on the chordal archi-
tecture and the distribution of the myxomatous tissue change
within the chordae and leaflets in a series of surgically
0735-1097/85/$3.30
1336 VANDER BEL-KAHN ET AL.
MITRAL VALVE PROLAPSE
JACC Vol. 5, No.6
June 1985:1335-40
excised mitral valves of patients with clinically well doc-
umented isolated mitral valve prolapse.
Methods
Patients (Table 1). The study group consisted of IO
symptomatic patients with a clinical diagnosis of isolated
mitral valve prolapse. There were eight men and two women
with an age range at the the time of surgical valve replace-
ment of 50 to 67 years (average 58). The diagnosis was
based on the auscultatory findings of a mid-systolic click
with or without a late systolic murmur and was confirmed
by either echocardiography or left ventricular angiography,
or both. Cardiovascular anomalies or conditions known to
be associated with mitral valve prolapse, such as coronary
heart disease and Marfan's syndrome, were excluded.
All patients were known for a considerable number of
years before surgery and were seen at regular intervals by
the same cardiologist (D.O.). At the time of mitral valve
replacement, all patients had severe mitral insufficiency with
a systolic thrill, and mitral valve replacement was indicated
becauseof progressiveleft heart failure with extreme dyspnea.
In two patients (Cases 5 and 6), infective endocarditis
had occurred at a time when the patients were already known
to have mitral valve prolapse syndrome.
Morphology. The surgical specimens consisted of the
mitral valve leaflets, the commissures and the chordae. An
occasional specimen also included the tips of the papillary
muscle groups. The specimens were carefully examined
with particular emphasis on documentation of abnormalities
of the gross appearance of leaflets and chordae. In each
case, the architecture of the chordae and the mode of in-
sertion were studied and correlated with the configuration
of the leaflets. The description of the normal valve appa-
ratus, as promoted by Lam et al. (12) and Ranganathan et
al. (13), and the spectrum of normality, as described by
Becker and de Wit (11), served as points of reference.
Tissue sections were taken from the anterior and posterior
leaflets, including sites with gross deformities. The tissues
were routinely processed and the sections were stained with
Table 1. Clinical Data in lO Patients With Mitral Valve Prolapse*
Time Lapse
Cardiac
Date of Between First Symptoms
Catheterization
Age (yr) Valve and Date of Surgery Echo MVP Coronary
Case & Sex Clinical History Replacement (yr) Findings (and/or) Angiogram
60M 1973: Systolic murmur 6/74 NA + N
1974: CHF; dyspnea; paroxysmal AF
2 61M 1938: Systolic murmur 8/74 36 NA + N
1972: Paroxysmal AF
1974: CHF; dyspnea
3 50M 1949: Systolic murmur 10/75 26 MVP +/AI N
1974: CHF; dyspnea
4 66M 1965: MR and AI; CHF; dyspnea; syncope 10/75 10 MVP +/AI N
5 52M 1966: Systolic murmur 3/76 10 MVP, + NA
1972: Endocarditis veget.
1975: Sudden massive MR; recurrent
6 51M 1963: Systolic murmur 8/76 13 MVP, + NA
1967: Endocarditis; severe MR veget.
1976: CHF; dyspnea
7 55M 1964: Systolic murmur 9/76 12 MVP + NA
1976: Back pain and CHF; dyspnea
8 54M 1966: Systolic murmur 9/76 10 MVP + N
1973: MVP and MR
1975: CHF; dyspnea
9 62F 1960: Systolic murmur 12/78 18 MVP + N
1977: CHF; dyspnea
to 67F 1977: Dyspnea 1/80 3 MVP + N
1979: Systolic murmur; CHF; dyspnea
*All patients had severe mitral regurgitation and a systolic thrill at the time surgery was indicated. AF = atrial fibrillation; AI = aortic insufficiency;
CHF = congestive heart failure; Echo = echocardiographic; MR = mitral regurgitation; MVP = mitral valve prolapse; N = normal; NA = not
available; veget. = vegetation; + = present.
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hematoxylin-eosin, an elastic tissue stain, alcian blue-Van
Gieson's stain and an alcian blue-periodic acid-Schiff stain.
Results
Gross pathology of the leaflets and chordae (Table
2). In each instance, the posteriorleafletwas affected, whereas
five specimens exhibited additional abnormalities of the an-
terior leaflet.
Leaflets. The main abnormality encountered consisted
of redundant leaflets with a dome-like expansion toward the
left atrial activity (Fig. IA). The free edge of the affected
scallop or leaflet did not coapt with the corresponding leaf-
lets, but instead showed a distinct atrial overshoot. The
dome-like deformities exhibited, besides redundancy of leaf-
let tissue, a marked thickening of the leaflets so that the
usual transparency of transillumination was no longer pres-
ent (Fig. IA). The atrial aspect of the dome-like leaflet was
usually smooth, while the corresponding leaflet margin usu-
ally displayed a slight corrugated surface due to regurgitant
flow. Otherwise, no abnormalities were noted.
Chordae. Inspection of the ventricular aspect of the re-
sected valves revealed major deviations in the pattern of
chordal branching and the mode of chordal anchoring in
each of the 10 specimens. Rough zone chordae, commis-
sural chordae and cleft chordae all participated, although
not always to the same degree and extent (Table 2). The
commissural chordae often exhibited muscularization (Fig.
lB) or fusion of cord-like material (Fig. IC) and occasion-
ally they had a shape considered normal for cleft chordae
or they showed webs. The commissural chordae supporting
the posteromedial commissure were the ones most com-
monly affected.
The cleft chordae of the posterior leaflet showed a high
incidence of irregularities, which consisted mainly of de-
viations in branching and anchoring (Fig. lD). Rough zone
chordae were affected in each of the 10 specimens. The
main deviation consisted of a marked decrease in the number
of branching points of the cords and a wide separation of
the anchoring sites in the leaflets (Fig. 2A). Near the site
of insertion, the chordae were often thick and sometimes
mutually adherent. The latter phenomenon was particularly
impressive at the site of the dome. The ventricular surface
of the dome itself often showed chaotically arranged cord-
like roots (Fig. 2B).
Chordal rupture. This was noted in all 10 specimens.
In each instance, the ruptured chordae related to the area
with the dome-like deformity. The chordae were often ad-
herent to the ventricular surface of the leaflet. At these sites,
a complex intertwinement of cord-like structures was pre-
dominant and the actual ruptured chorda was usually difficult
to identify (Fig. 2e). In fact, in most instances the chordae
were almost completely effaced (Fig. 2D). Despite these
"end stage" features, close inspection of the affected areas
suggested an intrinsic arrangement markedly deviating from
the usual standard set.
The gross pathology in two cases with a proven history
of infective endocarditis was not different from that of the
other specimens.
Microscopic examination. The valves revealed exten-
sive alterations, although not uniform in appearance. The
core of the leaflets showed an expansion of the spongiosa,
characterized by pooling of glycosaminoglycans, at the ex-
pense of the fibrosa (Fig. 3). At the base of the valve leaflet,
the fibrosa was usually still well confined but tapered out
and intermingled with myxomatous tissue toward the pe-
Table 2. Abnormalities in Leaflets and Chordae in 10 Patients With Mitral Valve Prolapse
Leaflets Chordae
Hooding or Dome Formation Abnormal Branching or Anchoring
Anterior Posterior Middle Scallop
Anterior Cusp Posterior Cusp
Anterior Posterior
Case Cusp Cusp Only Rough Zone Cleft Rough Zone Commissure Commissure Rupture
I + + + + + + +
2 + + + + + +
3 + + + + + + + +
4 + + + + + + +
5* + + + + +
6* + + + + + +
7 + + + +
8 + + + + + +
9 + + + +
10 + + + + + +
*Infectious endocarditis by history. + = present.
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Figure 1. A, Atrial view of transil-
luminated surgically resected mitral
valve with dome deformity of the
middle scallop of the posterior leaf-
let. The dome shows marked de-
crease in transparency because of fi-
brotic thickening. B, Muscularization
of commissural chord with obliter-
ation of normal pattern. C, Fusion
of cord-like material in chordae lead-
ing to medial and middle scallops of
the posterior leaflet. D, Abnormal
branching and anchoring pattern of
"cleft" chordae .
riphery. These changes were prominent also at the site of
chordal attachments. The chordae at the ventricular surface
of the leaflet were often coated with loosely textured col-
lagen, rich in glycosaminoglycans . Moreover , disintegrated
fragments of collagen were frequently seen at these sites.
The tip of the leaflets usually showed a rolled edge with
excessive accumulation of spongiosa-like tissue. The atrial
surface revealed a layered deposition of fragmented elastin
fibrils intermingling with collagen fibers and pooling of
glycosaminoglycans . Excrescences , reminiscent of the so-
called Lambl's vegetations , were found regularly at the atrial
aspect. The surface area occasionally contained an adherent
fibrin platelet aggregate, merging with underlying fibrinoid
changes of connective tissue of the leaflet itself. In two
valves (Cases 9 and 10), the thrombotic material was found
at the atrial aspect of the posterior dome, although in another
valve (Case 2) the aggregate was detected at the ventricular
site of the anterior leaflet.
Figure 2. A, Side view of chordae
for the posterior leaflet, showing a
decrease in branching points and wide
separation of anchoring sites . B,
Ventricular surface of dome poste-
rior leaflet with thickening of chordal
attachment and chaotic insertion pat-
tern . C, Ventricular surface of dome
with incorporation of proximal ends
of ruptured chordae in the inter-
twined , tangled mass of chordae. D,
Effacement of (ruptured) chordae at
ventricular surface of dome. The
chordae are still recognizable as faint
ridges .
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Figure 3. Histologic features of prolapsing mitral valve leaflet.
Thespongiosa hasexpanded at theexpense of thefibrosa, remnants
of which are still identified. Notethecollar-like changes surround-
ing the chordae and the thickened layer at the atrial (upper) side
of the leaflet. (Elastic tissue stain; magnification x 5.5, reduced
by 25%.)
In one patient (Case 5) known to have infectious endo-
carditis, inflammatory infiltrate with polymorphonuclear
leukocytes and signs of a reparative response with calcifi-
cations were present in the anterior leaflet. In the second
patient with a history of infectious endocarditis, only fibrosis
with calcific deposits were found.
The microscopic abnormalities showed a distinct pref-
erence for sites with gross deformities.
Discussion
The present findings in 10 surgically resected floppy mi-
tral valves may contribute to a better understanding of the
underlying pathology in patients with mitral valve prolapse.
Distinct deformities of the leaflets and major deviations in
chordal architecture were observed in each instance.
Chordal aberrations. The question can be raised whether
the chordal changes encountered are primary or secondary
consequent to the valve deformity. A secondary nature of
these changes may be supported by the observation that all
ruptured chordae were confined to the areas of the dome.
The chaotic pattern of fused chordae at the ventricular site
of the dome is usually regarded as an end result of fusion
of ruptured chordae, particularly as a consequence of in-
fectious endocarditis (I). Indeed, in 2 of our 10 patients,
chordal rupture may be attributed to this particular compli-
cation. In the remaining eight patients, infectious endocar-
ditis can be ruled out with certainty, since none had ever
experienced signs of an infectious disease or had ever been
treated for an infectious valvular disease. Hence, at least in
8 of the 10 patients, "spontaneous" chordal rupture had
occurred. This complication is well known to occur in pa-
tients with floppy mitral valve (14).
The reports on "spontaneous" rupture appear to disagree
or are controversial regarding the underlying pathogenetic
mechanism. Most observers consider rupture a consequence
of a generalized myxoid change of chordal connective tis-
sues (for review, see [7]). Other investigators (15) were
unable to confirm these observations, stating that distinct
changes were present only in the ruptured chordae and not
in the other chordae. These workers concluded that the
underlying disease had to be localized rather than diffuse.
Davies (1) considered rupture the result of increased me-
chanical strain on the expanded cusps. It cannot be denied
that the overall architecture of the dome-like leaflets and
the chordae become modified with time. However, the ob-
servation of a gross deformity in itself does not exclude the
possibility that an abnormal chordal pattern had been present
from the very start. Indeed, there are arguments in favor of
this concept.
Considerations on pathogenesis. The present study
shows a widespread nature of chordal changes such as marked
deviations in branching and anchoring. These features were
not strictly confined to the area containing the dome de-
formity but occurred also at other, less affected sites and
involved commissural, cleft and rough zone chordae.
These observations are in keeping with previous studies
(II) on the anatomy of the normal mitral valve apparatus,
which revealed a marked variability of the detailed mor-
phologic features. On that basis, it was postulated that the
more predominant deviations, which in themselves still could
lie within a spectrum of normality, over many years could
lead to functional disarrangement of the mitral valve. It was
reasoned that such an architecture may render parts of the
leaflets less well supported than others, thus leading to undue
stress (wear and tear) on certain areas of the leaflets. Our
findings may strengthen this concept, suggesting end stages
of extremes within this spectrum. The relatively old age of
the patients and their long clinical history may further sup-
port this hypothesis.
It is possible that the term "isolated mitral valve pro-
lapse" covers different groups of patients. As recently re-
ported (5), clinically silent echographic prolapse, as often
encountered in young women, may have nothing to do with
the syndrome seen usually in older men such as those in
the present series. The latter show the floppy valves with
redundant and often ruptured chordae and excessive myxo-
matous transformation, leading to clinically overt signs and
symptoms, often needing valve replacement. It is in this
group that we suggest that major deviations in the structure
of the valve apparatus, basically fitting within a spectrum
of normality, accelerate the process of wear and tear, which
over many years may become clinically recognized as iso-
lated mitral valve prolapse. One may argue, of course, that
such deviations may serve to promote or aggravate mitral
valve prolapse in patients who already may have an intrinsic
connective tissue abnormality of the mitral valve apparatus.
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From this point of view, the reports on an abnormal struc-
tural composition of collagen in floppy mitral valves
(1,8,16,17) may bridge the gap between the present obser-
vations and those in patients with mitral valve prolapse and
classic Marfan's syndrome.
We thank Wilfried Meun for the photography and Marsha Schenker for
secretarial assistance.
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